In order to test the hypothesis that an alteration in the dent variable and body mass index, age, free testosterone, estradiol, insulin, and cholesterol levels as the sex hormone milieu may underlie risk factors for myocardial infarction, fasting serum sex hormones, ie, estraindependent variables, only free testosterone showed an independent relationship to SBP (P = 0.009). The diol, testosterone, free testosterone, and androstenedione, were measured in 24 hypertensive and in 19 finding in the present study of an independent positive relationship of free testosterone with hypertension is healthy postmenopausal women. The mean serum free testosterone level (P = 0.01) and the free-to-total testosconsistent with a similar relationship of free testosterone with other risk factors for myocardial infarction in terone ratio (P Ͻ 0.04) were increased in the women with hypertension. In a stepwise multiple regression analysis women found in previous studies and supports the hypothesis. on the hypertensive and normotensive groups combined, with systolic blood pressure (SBP) as the depenKeywords: testosterone; estradiol; sex hormones; hypertension; postmenopausal; androstenedione; DHEAS ing hormones, and who had not taken any drugs for Introduction at least 10 days were studied. The patients were It was previously observed that risk factors for myoselected on the basis of these criteria from 44 concardial infarction (MI), ie, glucose intolerance, hypsecutive women with hypertension seen as outerinsulinaemia, hyperlipidaemia, and hypertension, patients at the Cardiovascular Center of the New appear to concur as a constellation of factors that York Hospital-Cornell Medical Center. reappears in various other disorders and clinical Essentially all women у56 years old would be states independently of MI.
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1,2 From this observation, expected to be postmenopausal. 5 The drugs that it was hypothesised that there could be a common these patients had been taking do not appear to underlying factor linking these factors to form the affect the levels of the sex hormones measured. 6 constellation.
2 It was further hypothesised that this Hypertension was defined as a blood pressure (BP) underlying factor could be an alteration in the sex of Ͼ150/90 mm Hg on three separate visits. The 19 hormone milieu.
1,2 Although considerable evidence control subjects were apparently healthy women folhas accrued to support this latter hypothesis in lowed annually by the Center in a study of the men, 3 very few studies testing this hypothesis in development of hypertension and selected consecuwomen have been carried out. In a previous study, tively to be у56 years old, not regularly taking any we reported that the fasting serum levels of total and drugs, and not having a systolic BP (SBP) of Ͼ150 free testosterone (FT) were decreased in men with mm Hg or a diastolic BP (DBP) of Ͼ90 mm Hg. hypertension, a major risk factor for MI. 4 The Blood samples were drawn from an antecubital present study was carried out to test the hypothesis vein between 8.30 and 9.30 am after an overnight in women with hypertension. Because of the marked fast. Hormones were measured by radioimmunoascyclical fluctuation of estradiol levels in premenosay (RIA). Estradiol and testosterone were measured pausal women, only postmenopausal women were on serum stored less than 3 months. The method for studied. measuring estradiol has been described previously.
3
Materials for the RIA of estradiol, androstenedione,
Materials and methods
and insulin were obtained from ICN Biomedicals, Inc (Costa Mesa, CA, USA), and those for the RIA of Twenty-four women with hypertension who were total testosterone (non-extraction coated tube otherwise healthy, у56 years old, had not been takmethod), FT (non-protein bound testosterone), and dehydroepiandrosterone sulfate (DHEAS) from Diagnostic Products Corporation (Los Angeles, CA, these limits. The interassay coefficient of variation hypertensive patients and control subjects is shown in Figure 1 . The mean levels of estradiol, androsof the quality control sample for estradiol was 7.5%, for testosterone 6.3%, and for FT 6.1%. Materials for tenedione, DHEAS, insulin, cholesterol, HDL-C, and plasma renin activity did not differ significantly the immunoradiometric assay of sex-hormone binding globulin (SHBG) were from Formos Diagnostica between the two groups. When the hypertensive and control groups were (Oulunsalo, Finland). Glucose was measured using hexokinase.
combined, SBP correlated significantly with FT (r = 0.42, P = 0.008). In a stepwise multiple Total cholesterol was measured enzymatically, as was the cholesterol in the supernatant after phosregression analysis on the combined group, with SBP as the dependent variable, and BMI, age, FT, photungstic acid precipitation of serum in the measurement of high-density lipoprotein-cholesestradiol, insulin, and cholesterol levels as the independent variables, FT was the only variable selected terol (HDL-C). Renin activity with the patient ambulatory was measured in plasma by an enzyme kinetic in the model (R 2 = 0.1734, F = 7.552, P = 0.0093), indicating that of the variables measured, only FT assay using RIA of the angiotensin-I formed.
7 Serum was used for the other measurements.
showed an independent relationship to SBP (T = 2.748, P = 0.0093). In the statistical analysis, means and standard errors of the means were calculated. Comparison between the two groups was made using the Student unpaired t-test and ANOVA. To determine the relationship between BP and other variables measured, stepwise multiple regression analysis was used. All statistical analyses were performed using SPSS Version 6.1 (SPSS, Inc, Chicago, IL, USA) on a Macintosh Performa 6300 CD computer. A twotailed P value of р0.05 was considered significant.
Results
The means ± standard errors of the means of the variables measured in the hypertensive and control groups are compared in Table 1 .
Mean age and body mass index (BMI) did not differ significantly between the two groups. Although the mean testosterone and SHBG levels did not differ significantly between the two groups, the mean FT level and the ratio of FT-to-total testosterone were significantly higher in the hypertensive group. Adjusting for age and BMI, the mean FT level was It is of interest that while the present study found
Discussion
an increased level of FT with hypertension and other studies have found increased levels of FT and In the present study on postmenopausal women, the patients with hypertension had a significantly testosterone with other risk factors for MI in women, 21,22 decreased levels of FT and testosterone higher serum FT concentration than the control subjects. The ratio of free-to-total testosterone was also have been reported with risk factors for MI in men. 3 Thus, it would appear that if sex hormones underlie higher in the patients with hypertension, suggesting that at least part of the increase in FT concentration risk factors for MI, they may have a different effect in women and men. resulted from increased dissociation of testosterone from binding proteins. Although SHBG appears to
The increase in FT level with hypertension found in the present study and the positive association be the major binding protein for testosterone 8 and has been found to correlate inversely with the freereported in women of FT and testosterone with other risk factors for MI 21, 22 are consistent with the to-total testosterone ratio, 3 its level was not significantly different between the patients and control hypothesis that an alteration in the sex hormone milieu may underlie the constellation of risk factors subjects. Nor were the levels of total testosterone, estradiol, androstenedione, DHEAS, insulin, cholesfor MI. ratio (W/H) in women 15 and is alleviated by weight
